
Chapter I.

Radiation Characteristics of the Fallout Material and the

Determination of the Dose of Radiation
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1.1 Nature of the Ever-it and Description of the Exposed Groups

Table l.1—Exposed, and Control Unexposed Groups

—
I

Group l. —Ronge!sp
I

6-I

Group 11. —.4ilinginac I ,s
Group 111—I{o))geri!i ~ 2s

Group 1!”—Ulirik ~ 157

{
Jlarshallcsc, Col)lrol ! 117

Group .4
1.

Americans( Control }{ua. I IOJ

j61ein-.4mcric9[l

I

II+410 G

hr<.

H+41OG

I)TS.

Ii + 6.8 hv

.
Ii + 22 hrs

,

TIWE or I, ACVATIOX

H i- MLArs.”-(l 6 people)

H + 51 hrs. (4S people)

H + 5S hrs.

11 + 2S 5 hrs. (8 men)

H + 34 hrs. (20 I]]cn)

Stnr(rd sit H -i- 55 hr..

Completed BI 1{ + 76 lIrs

I375 mrjhrs., H + i - 17-

days

100 mr:hrs., H + 9 69

days

2S0 rnrjhrs., H + 9 is
days

40 mr,?hrs., Ii -- SI 14

days

To[nl E.\poseri—2fJ7: TOIHI Conlrols—222

3
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EI” EXT AXD DESCRIPTION OF EXPOSED GROUPS 5

1.2 WhoIe Body Gamma Doses c~]ried out, 1101 JVnS its olmIatiI)g condition
kIIOIr II to be sn[isfactory under tile ernergel~cy

T1t~Eslllr~nDl”.~L1’Isof ester)~o] dose gi]”en col]ditioll pl’e~ililil)g at t!:e time of use. For

in Table 1.1 ~~ere ~itl(.lll;lted fiol)~ re;~dil~gs of tl)ese re:lso)]s (I]e Inter readings, whicl~ were
rs(]iatio)) field surl. ey i])stlu])]e]lts.+ .\veri+ges IIigl]e[ tll~n the e;lr]y survey by n]) :iverage of
of a )lunlLel. of tlo.;e l,;lte l]lc~s[lrellle)~ts o]) e:~cl~ 50 l)elcetlt \rhe)l corrected to tile s:lme times,
isln])d nt a gi~en time \vele used. Tl~e rescl - \vele used in co)nputillg tl)e doses listed. ‘1’I)C

illgs wele txkel) in ail, :Il)l)roxi II18tcly tl)lec il)stl’llnlellts used for tl)e la(er n)easuremt’llts

k,,,,,,,,0“<

------ ORIGINAL SOURCE SPECTRUM

— INFINITE PLAN E,> ’IN AIR
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ita])fs Ivel.e el.;lcil;]ted, l\efolc this ti}nc, nde- 1.21 Characteristics of rhe Gamma Radiarion
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6 EFFECTS OF IOXIZIXC R.ADI.4TIOX

catiolis find sfilllplej. Ill nclclitio)l, theoretical
collsi<ler:ltlo)ls bnsed o)] tile rndiocllemic:ll ccu~,-
positiol\ of tile f;lllo(tt mixture pernlittecl dec;,y
rntes to be c:llc[llate(l for differetlt il]tervnls iJr-
t\veel) tlle(imeof illiti:llexl)osul.eal)cl lntersul-
ve~ ren(lillgs (3). T]iese agree well mitl) the
ex[)erinlcllt;ll d:lt:~, :Ll)d \\”el.e usecl botl] ill tile
dose calctll;~tiolls {ltllingt l]eexl)ostlre intervals
nll(l i]) extlfipol;ltillg tl}e later sllrvey re;ldill=m
to enrliel times.

1.22 Duration of the Exposures
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.EI’EXT .4XD DESCI7IPTIOX OF EXPOSED cRO~Ps 7

a.

L.

c.

The estirnn(cd clurnt ions of follou( ~rl~ich
result from the Qbo Ic rstrapola(ioll of initial
fallout rnte for Group I ~I)d 111 apprsir (OO
long to hn~e Ofcurre(i at (hc distances of
tl]ese people from the sl~ot island, since tl)c
~vind ~elocity i]] (1)c arm v“us l)igh cnougll
to move the cloud over tllc islnllds in a
considerob]y snorter time, as littlr us one-.
llnlfof (llrnbove il~<lic8(c(l time.

Tl)e. srco])nts of tl~r ~isibilit> of the fallou(s,
al(l~o~gl~ conflicting, do ]]0[ inrlicn(c such
ln[e cessation.

DOSCS calculated 011 R loI)g [8]Iou I conslanl

ra(e of illcreose l)l-potll~sis rirr Io\vcr thol]
those duc to Q shor( follou(, since a sl~or[
(allou[ quickly drposils n IJrqe nm~un( of
ncti~i(~-. For botl) ri ]6 hdur and 8 l]our
fallou( assumption, n dose \-rJlue \vas esti -
mnted. ‘1’l~cra)~gos arc ll~en 0s follo\\s:

Takle 1.2

I 1

d.

e.

For LT[irik nto]l Group IV, only n“fnllol)(
time of nboul 12 )Iours or lrss is consisten[
\vi(h t]~c ]n[(~r (]OSCra[cs observed, provided

(he fallout ac[uolly bcgnn as ln(c as ~r.as
cs(irn~ted from \vind and (lis(nnce fnc(ors.

A long fallou[ probnbly Ivould no[ be ul~i-
formly l]envy t]lroughout, [Ilr first porlion
being tl}r most intense nl)d tl]e ba]nncc de-’
creosij~g \vitll time, TI)cI totnl pllenomrnoll
\VOUld (IIUS (Cn(i (o\vlr(j Ll)e Cffect of a

5002 N’15
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s EFFECTS OF IONIZING RADI.\TIOS !

I 9(J pelcel~t of the dose had
dose rote h:~d f:tllen to less
its illitit~l vulue. TIIUS the

I

beeli recei~ed. tl)e the dose :]t tlte center of the bed} is a]~proxi - itl)fill40percent of mntely 5(I l)ercent higher tll:lll woulci result

dose Iote nlso dif - fl.om a givel) l~il dose with nal.roiv beom geonl- 1

fered flolll the usu~l collstnnt rate in tl)e etry. Figure 1.-I i]l~lstr:~tes ti)e depth- dose I

/
—.

t

12 HI? FALL -O’JT

4-16 H2

\

II,./?

\,,

o II II
o 10 2

curve from rrn experirnelltnl sitllntioll using
I

I I I I
3

Cv4Cu.2T10N
AT 51 HR

7

~
<0 59

TIME AFTER H-HOUR (HR!

FICL’~C 1.:{ —7tIr otcu>!l,,lcliou of garu,tlo do$c 08 a lunclion of tinff frflrr
Cfiltllnc!lcfll!lf?lt 61 fallolll 011 IToltgrlllp atcll.

1.23 GeomerrY of [he Exposure spllerical]y oriented Co’” sources with n pli;~ii -
tom plfict=d nt their’ centel”l con~pnr’e(l wit)l u

convent iol):ll bil;~ternl depth dose ct}r\”e ob-
t:~ilied \vitl~ 11sijigle source (4). In tile l>itter
case, the i~ir dose is Usunlly mensurecl at the
poil]t subsequently occupied t~y the center of
the prosir~)nl surffi~ of tile Piltie!lt or anin];[l
witl~ respect to ttle source. For tl~e tield ctise,

a]] SUt_’fitceS fire ‘“proxirorrl,’” ill tl)e sense tll~t

tile nir dose rnessure(l ;~r~y\\-l]ere in tile sp;lce
subseq{lelltly ocu~ll)ied by tile ill(iividuti] is the
s;~nle. It is this air dose wl]icll is me:~sulcd
by a field instr~ln)ent ; it does ]]ot be:ir the s~ln)t~

I
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E\”EXT AX17 DESCRIPTIOX OF EXPOSED GROVPS 9

1’

I

I

I

I

relntiol)sl)ip to tile s(i~fi]ce do= and rleptl~ dose source”’ beam nir doses \vitll colnpar:ib]e bio-

asdmstl~e zirdose l~]e:~s~lred in a’(point source”’ logic effect a]eobtained:

beam in tile clil)ic or l:~llor~tory. It \vould J{ollgel:i]>. Group ‘I-------- 26u r
nppefir under these circumstfinc~c 21)cI ill most ;!ilil)gi])}\e, Glou])l I-------- loo r
experimental conditions that tl~e midline dose, ltol~gcrik. Groitl] 111 ------ 12(1 r
r:~ther tllnn dose mensured in air, wol Ilcl be the I-(iri!i. Group I Y----------- 20 r

100.

9

9(

w
v
~ 7

\
a

2
t-a
w 6 ??
I/l

~
u
z t
)- 5 RATIO 156
3
u
u
u
n

4

BILATERAL EXPOSUR~
Y

/ .
DIVERGING SOURCE 39%

‘1.

1
\ ~

.

10
0 5 10 Is 20 25 30 36

CM MASONITE

DEPTH 00SE DISTRIBUTION IN CYLINDRICAL PHANTOM, CO ‘FACILITY, (N MRI]

k“l GURE l,&Colllpori&orl of depth do~c curvc8 In t!taamiic PIIoI1!o1)?s fro!,!

hf[<l(rrfll rrpozurc (0 d 8ing/c po:IIt source, ond 8imul(aneol13 Crpokt(rc (0

fl(wltip~e 8oIIrcc8 !ciflt o rphcricol rf*8!r!b!ffiOr1 urof!>td !hc phantom.

belter co ]ln~on pnr;lll~eter in terl)~s of w)licll to

predict biological effect. 01] tl~is assumption,

tl~e :iir CIOWr;llucss[a ied in T:~ble 1.1 sholl]d be

lnulti]]l ied ~~’ :l]>l)roxim:ltrly 1.3 in order to

colnpare tl~cir eficcts to (Ilose of ,: given air

clo.w fronl n “point soutce”’ be;lm geoinetry de-

Iivercfl l)ilate),\lly. If this is done, Issllminy

n f:~llout of 12 I)ou]s, the follo\ring ‘(point

3s1712 O—LG-—2

The geonlctry of r~c?i;ltioll from a fallotlt field

is not iclenticn] either to [Ilc geolnetry of bi -

]:~ternl point sollrces or spl~ericnllly distributed

sources since tile plallc Sollrce (leli Yerstllc rndi:l -

tion ];lrgely at m gr:lzing sllgle. I{o\rcver, tl)c

total jicld sit[tatiol~ is be(ter :I]]proximnted b~’

soli(l tll:in by pl;lnegeonletry. Es l>OSUrc geol n -

ctr! in z lxdiooctivc c1<)l]cI]volild be spllericn].



10 EFFECTS OF IONIZING RADIATION

1.3 Superficial Doses of Radiation

From Bera and Sofr Gamma

Radiation

‘rll ERE CAX BE no dotlbt thnt t]~e doses of r~dii~-
tioll to tile surfnce al)d tl)e J51”stfelv nlillimeters
r~f tllc bo{l~ \vere substxllti:lllv hi@ler than tl~e
nlid-line close of gamma ra(lia[ioll 8s n re.su!t of
physicnl collsiderltiol~s of ganl]no energy and
(Iept]l dose. II) rr(ldition, tile clinicn] observa-
tions of tl]e skin lesions (see Cl~nlJ. III) folce-
-tIllly clen]onstrated tl]nt tile dose to tile skill
vxriecl considerobl} betmeen in(lividu~ls rtn(l

orer tile sllrface of any given inclil.idual. .+s
will bec~me e~:ident in tl~e follomil~g discussions
of sllrfnce dose, it is obvio{]s tl~nt any nunlbers
presented are ntbest only estim:]tes a])d reple-

sent Rn approximation of sonle n)initnn] vfllue.

In :\rens \~hele lesions \\ere serer-e tile doses
must l~a~’ebeel lsignihcantlv ltigl)ertllan in non-
(I;{mnged arefis.

To arrive nt some pllysic;~l estin}nte of tl~e

skin Clos P, al] fittenlpt I:lust be Iltfi(le to add Ill)

tl]e col]tlib\ltions of the hi:]] eller~ grimm:i.
tl]e verj” soft ~tlllll)lil. ancl~l]e lligller energ!. betn
r;(di;{tion from tl]e 1:1:.ge plrrn:lr sollrce in \vl]icll

t]lf’ il)di\”i(]ll(\]S \\”e]’e of ~le(’e.>~it}” e~i5ti!)~.

llc, never, :1s nll Ilde(l to 11)016 nllcl enlpll~sizecl

ilI N]n[)tei 111. tile largest component of skill
ilrn(li:ltion restllr~d frolll tile Spo:t! loc;ll de-

“I)osits of f;lllo\lt mhterial 011 es])osc(l sllrfnces
of tile h(lj. Tile dose fronl de[>osi(erl moteri; ~l
is i)]lpnssib]e to estim;~tc; l~o\\e[er. tllnt fronl
tl}e lalge pl:~llnr source n]:l}” lJe ro(l~llly esti -
nlnted }is follo~s :

Tl\e be(,l (lose rntc ill l~il 3 feet nbove tl~e
>l]lf:~ce of ;In illlillite l)l:\ne col~tainillnted with
n)ixe(l !21 !)otlr old fissio[l I]roducts is estimated

to be about three tin)es tile to[:~l nir ~:~n~n~a dose.

~11~ mi(l-line gfimlll:t dose is :Ipl)loximntel! 60

pelcent of tl]e NI: (lose renl:~illin,p nf[er excl[l(l-

itI: ttl:lt port iol] of tile (l[,se belo\Y 80 ICI”.

‘1’llis ]jort.o)] i]) timn is estil]l:ltcd ~o be 40 ]~rr-

ce)lt of t])e gnn]}lla {lo.~e nleaslllc(l ill nil l~!. tllc

instrument, T])us tllc d~,.se ;ot tl, e sllrf:{cc’of :t

J)]l:lllt Olll expose(l to lnise[l Iissioll I)ro(lllct

r:lfliatioll frcJnl nn extern; ll l)1311e sou Icc llll~l]t

5u02U8

be expectec] to be 3/(0.6) (().6) or nbo~lt 8 tin]es
the mid-line dose, if bot]l ~re t~ken nt s feet off
tl~e ~roulld. Sllcl) a (Iel}th close me;ls~lrenlent
IINS in fnct been n]ade exl>erimentzlly nt n l~levi-

011s test, usin: n pl)anto])l man expcmxl to both
tlie il]iti:ll and r-esidu:ll racliatiol~ (5). The
cieptli doses for encl] situntion nre shown in
Figllle 1.5, with ~11datn as percent of tile 3 cel~ti.”
meter dose. ~l-it]~ t]le diverging initinl rndi~-
tion flom the point of explosion, tile exit close
\Yas seen to be 63 percel~t of the 3 cm. dose, bllt
\\-itll tile ditfuse resid(la] field of fission product:

providing n semi-infinite plnnnr source, R sur-
f~~cedose some 8 times greater thnn the 3 cm. nnd
deeper dose from the lmrder gnmmn components
n-as observed. This is seen to be of the same
ordc-1. of nli~pitude as thnt estimnted above.
At IIeigl)ts nbove and below the 3 foot level this
surfnce dose mould become lorver and higher
respectively: but since it is due to soft radiation
of s]tort range, it probably mould not exceecl 50
tin)es tlie 3 foot nir gnmmn dose or 60 times the
micllille dose. even in contfict with the =~ound.
~in estimnteof skin close due togrollncl contami-

nation for the Rongelap cnse would result, fol
exnlnple, in a figure of nbollt 2,000 rep at tile

level of thec?orsurn of the foot,600 rep It tl\ehi I)
le~el nrid 300 rep at. the. hexcl ij co71r’in~/oI~.~ ez.

po.sl(,c uitA no shjel(l~)ig occt{rwr?. I-nknofrn

\nri:]tioll in close uncloubtedty resulte(l froll~
shielding and rnovelnerlt. It thus seems prolj -
n~l](’ (]):\t tl]e esterni~] bet;l dose from ]ocn] direct
sliii) COllti\ll) il)ati Ol] far ollt~veigl]ecl tllnt fronl

tile ground in import:lnce, since the l:ltter ~~as
not l~igh el~oligll to pro(lllce tl]e observecl ]esions.
Clotllil~g probnbly redllced tl~e betn dose fro]!]
tile glound by 10 to 20 I]ercent.

1.4 Summary .

. ——.—-
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